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Measurement of Dijet Azimuthal Decorrelations in pp Collisions at = 7 TeV 

The ATLAS Collaboration 

Azimutiial decorrelations between the two central jets with the largest transverse momenta are 
sensitive to the dynamics of events with multiple jets. We present a measurement of the normalized 
differential cross section based on the full dataset ( j£ dt = 36 pb~^) acquired by the ATLAS detector 
during the 2010 = 7 TeV proton-proton run of the LHC. The measured distributions include 
jets with transverse momenta up to 1.3 TeV, probing perturbative QCD in a high energy regime. 

PACS numbers: 13.87.Ce,12.38.Qk 
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The production of events containing high transverse- 
momentum (pt) jets is a key signature of quantum chro- 
modynamic (QCD) interactions between partons in pp 
collisions at large center-of-mass energies (v^)- The 
Large Hadron Collider (LHC) opens a window into the 
dynamics of interactions with high-px jets in a new en- 
ergy regime of -y/s = 7 TeV. QCD predicts the decorre- 
lation in the azimuthal angle between the two most en- 
ergetic jets, A(j), as a function of the number of partons 
produced. Events with only two high-px jets have small 
azimuthal decorrelations, A0 ~ tt, while Acjj « tt is evi- 
dence of events with several high-px jets. QCD also de- 
scribes the evolution of the shape of the A4> distribution, 
which narrows with increasing leading jet pt. Distri- 
butions in A(j) therefore test perturbative QCD (pQCD) 
calculations for multiple jet production without requir- 
ing the measurement of additional jets. Furthermore, 
a detailed understanding of events with large azimuthal 
decorrelations is important to searches for new physical 
phenomena with dijet signatures, such as supersymmet- 
ric extensions to the Standard Model 

In this Letter, we present a measurement of dijet az- 
imuthal decorrelations with jet up to 1.3 TeV as mea- 
sured by the ATLAS detector, beyond the reach of pre- 
vious colliders. The normalized differential cross sec- 
tion {l/a){da/dA(p) is based upon an integrated lumi- 
nosity JCdt = (36 ± 4) pb-i 0. The Acj) distribution 
is normalized by the inclusive dijet cross section, a, inte- 
grated over the same phase space. This construction min- 
imizes experimental and theoretical uncertainties. Pre- 
vious measurements of from the DO 3 and CMS Q 
collaborations are extended here to higher jet px values. 

Jets are reconstructed using the anti-fct algorithm Q 
(implemented with FASTJET ^) with radius R = 0.6, 
and the jet four-momenta are constructed from a sum 
over its constituents, treating each as an {E,p) four- 
vector with zero mass. The anti-fct algorithm is well- 
motivated since it is infrared-safe to all orders, pro- 
duces geometrically well-defined cone-like jets, and is 
used for pQCD calculations (from partons), event gen- 
erators (from stable particles), and the detector (from 
energy clusters Q)- The azimuthal decorrelation, A4>, 
is defined as the absolute value of the difference in az- 
imuthal angle between the jet with the highest px hi each 



event, p™^^, and the jet with the second-highest px in the 
event. There are nine analysis regions in p^^^^ where the 
lowest region is bounded by pl^^^ > 110 GeV and the 
highest region requires p^^^ > 800 GeV [7|. Only jets 
with px > 100 GeV and \y\ < 2.8, where y is the jet ra- 
pidity [8|, are considered. The two leading jets that define 
A(j) are required to satisfy |y| < 0.8, restricting the mea- 
surement to a central y region where the momentum frac- 
tions (x) of the interacting partons are roughly equal and 
the experimental acceptance for multijet production is in- 
creased. In this region where 0.02 < a; < 0.14, the parton 
distribution function (PDF) uncertainties are typically 
±3% (at fixed factorization scale) 0. The cross sec- 
tions, measured over the range tt/2 < A(j) < tt and nor- 
malized independently for each analysis region, are com- 
pared with expectations from a pQCD calculation [lol | 
that is next-to-leading order (NLO) in three-parton pro- 
duction. The perturbative prediction for the cross section 
is ©(ttg), where as is the strong coupling constant. 

The angular decorrelation is sensitive to multijet con- 
figurations such as those produced by event generators 
like SHERPA [lll| , which matches higher-order tree-level 
pQCD diagrams with a dipole parton-shower model [l^ . 
Samples for 2 —> 2 — 6 jet production are combined using 
an improved CKKW matching scheme jis'] . The progres- 
sion of the parton shower is vetoed to avoid double count- 
ing of emissions. Event generators such as PYTHIA 14 1 
and HERWIG [T?| use 2 ^ 2 leading order pQCD matrix 
elements matched with phenomenological parton-cascade 
models to simulate higher-order QCD effects. Such mod- 
els have been successful at reproducing other QCD pro- 
cesses measured by the ATLAS collaboration [3, [l3| . 

The ATLAS detector [13, Ell consists of an inner 
tracking system surrounded by a thin superconducting 
solenoid providing a 2T magnetic field, electromagnetic 
and hadronic calorimeters, and a muon spectrometer 
based on large superconducting toroids. Jet measure- 
ments depend most heavily on the calorimeters. The 
electromagnetic calorimeter is a lead liquid-argon (LAr) 
detector with an accordion geometry. Hadron calorime- 
try is based on two different detector technologies, with 
scintillator tiles or LAr as the active medium, and with 
either steel, copper, or tungsten as the absorber mate- 
rial. The pseudorapidity {r]) [sl and segmentations of 
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FIG. 1. The A0 distribution for > 2, > 3, > 4, and > 5 jets 
with pt > 100 GeV. Overlaid on the cahbrated but otherwise 
uncorrected data (points) are results from PYTHIA processed 
through the detector simulation (lines). All uncertainties are 
statistical only. 



the calorimeters are sufficiently fine to ensure that an- 
gular resolution uncertainties are negligible compared to 
other sources of systematic uncertainty. 

A hardware-based calorimeter jet trigger identified 
events of interest; the decision was further refined in 
software 17, T^. Events with at least one jet that satis- 
fied a minimum transverse energy (E^) requirement were 
recorded for further analysis. The events in each p^^'^ 
range are selected by a single trigger with a given 
threshold, and the lower end of the range is chosen above 
the jet pt at which that trigger is w 100% efficient. Three 
sets of triggered events with different integrated luminos- 
ity are considered: 2.3 pb"! for 110 < p^"""" < 160 GeV, 
9.6pb-i for 160 < pjp'"'^ < 260 GeV, and 36pb-i for 
p!^;^'^ > 260 GeV (2. Events are also required to have 
a reconstructed primary vertex within 15 cm in z of 
the center of the detector; each vertex had > 5 asso- 
ciated tracks. The inputs to the anti-Zct jet algorithm 
are clusters of calorimeter cells seeded by cells with en- 
ergy that is significantly above the measured noise 0. 
Jets reconstructed in the detector, whether in data or the 
GEANT4-based simulation 



13 . |20| , are corrected for the 



effects of hadronic shower response and detector-material 
distributions using a px- and ry-dependent calibration [7j 
based on the detector simulation and validated with ex- 
tensive test-beam [l3| and collision data 21 1 studies. Jets 
likely to have arisen from detector noise or cosmic rays 
are rejected [2^ . 

The resulting A0 distribution is shown in Fig. [1] for 
jets with Pt > 100 GeV. There are 146788 events in 
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FIG. 2. The differential cross section {l/a){da /dAcf}) binned 
in nine p™'^" regions. Overlaid on the data (points) are re- 
sults from the NLO pQCD calculation. The error bars on 
the data points indicate the statistical (inner error bar) and 
systematic uncertainties added in quadrature in this and sub- 
sequent figures. The theory uncertainties are indicated by the 
hatched regions. Different bins in p™'"' are scaled by multi- 
plicative factors of ten for display purposes. The region near 
the divergence at — >■ tt is excluded from the calculation. 



the data sample, 85 of which have at least five jets with 
PT > 100 GeV. Also shown is the PYTHIA sample with 
MRST 2007 LO* PDF (H and ATLAS MC09 underly- 
ing event tune [IJl, processed through the full detector 
simulation and normalized to the number of events in 
the data sample. Two- and three-jet production primar- 
ily populates the region 27r/3 < Acf) < tt while smaller 
values of A0 require additional activity such as soft radi- 
ation or more jets in an event. Fig. [T] illustrates that the 
decorrelation increases when a third high-px jet is also 
required. Events with additional high-px jets widen the 
overall distribution. 

The measured differential Atj} distributions in data are 
corrected in a single step with a bin-by-bin unfolding 
method to compensate for trigger and detector ineffi- 
ciencies and the effects of finite experimental resolutions. 
These correction factors, evaluated using the PYTHIA 
sample, lie within ±9% of unity. The leading sources 
of systematic uncertainty on the normalized cross sec- 
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FIG. 3. Ratio of the differential cross section {l/a){da/dA(ji) 
measured in data with respect to expectations from NLO 
pQCD (points). The theory uncertainties are indicated by the 
hatched regions. The region near the divergence at Acfi — > vr 
is excluded from the comparison. 



FIG. 4. Ratio of the differential cross section {l/a){da /dAcp) 
measured in data with respect to the result from SHERPA 
(points) . The shaded region indicates the SHERPA statistical 
uncertainty. Predictions from PYTIfIA and IfERWIG, also 
in ratio to SHERPA, are displayed as lines. 



tion are the jet energy scale calibration (2 — 17%) 0, 
the bin-by-bin unfolding method (1 — 19%), and the jet 
energy and position resolutions (0.5 — 5%). The ranges 
in parentheses represent the magnitude of the uncertain- 
ties near tt and 7r/2, respectively, and correspond to the 
analysis region with the smallest statistical uncertainty 
(160 < p^^"" < 210 GeV). Uncertainties due to muhiple 
pp interactions in the same beam crossing (< 0.8% on 
the cross section for all analysis regions) are included in 
the evaluation of the jet energy scale uncertainties. 

The normalized differential cross section is shown for 
each of the nine p™^'^ analysis regions as a function of 
A(j) in Fig. [21 As p™'^^ increases, and the probability 
for the emission of a hard third jet is reduced, the frac- 
tion of events near tt becomes larger. Overlaid on the 
data are the results from a NLO pQCD [0(at)] calcu- 
lation, NLOJET-I-F [ll with fastNLO Q and using 
the MSTW 2008 PDF0]. The factorization and renor- 
malization scales are set to p^'^^ and are varied inde- 
pendently up and down by a factor of two to determine 
the scale uncertainties. The scale uncertainties are larger 
between 7r/2 < < 2tt/3 where the pQCD calcula- 
tion is effectively leading order in four-parton produc- 
tion. The PDF uncertainties are treated as the enve- 
lope of the 68% CL uncertainties from MSTW 2008 0, 
NNPDF 2.0 and CTEQ 10 and are combined 
with the uncertainties resulting from an as variation of 



±0.004; the as contributions dominate. The calculation 
is corrected for non-perturbative effects due to hadroniza- 
tion and the underlying event 28, 2^; the correction is 
smaller than 3%. The fixed-order calculation fails near 
Acf) — 7> TT where soft processes dominate and contribu- 
tions from logarithmic terms are enhanced. Figure [3] dis- 
plays the ratio of the cross section with respect to the 
NLO calculation. In most regions, the theory is consis- 
tent with the data. However, the prediction in the range 
110 < pi^'^^ < 160 GeV is relatively low in the central 
region of Acf) where the scale uncertainties are small. 

The data are also compared with predictions from 
SHERPA, PYTHIA, and HERWIG in Fig. H The 
leading-logarithmic approximations used in these event 
generators' parton-shower models effectively regularize 
the divergence at A(j> — > tt; all three provide a good 
description of the data in this region. In the region 
7r/2 < Acf) < 57r/6, where multijet contributions are sig- 
nificant, this observable distinguishes between the three 
generators. SHERPA, which explicitly includes higher- 
order tree-level diagrams, performs well in most A(j) and 
pmax j-ggions. Having phenomenological parameters that 
have been adjusted to previous ATLAS measurements, 
PYTHIA [28] and HERWIG 24] also describe the data. 

In summary, we present a measurement of dijet az- 
imuthal decorrelations in events produced in pp collisions 
at -i/s = 7 TeV. The normalized differential cross sections 
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are based on the full dataset {JCdt = 36 pb ^) collected 
by the ATLAS collaboration during the 2010 run of the 
LHC. Expectations from NLO pQCD [©(a*)] and those 
of several event generators successfully describe the gen- 
eral characteristics of our measurements, including the 
increasing slope of the A0 distribution with p™^'' and 
the shape near A0 ^ tt/2 where events with multiple jets 
make a considerable contribution. Our data, which in- 
clude jets with pt values that significantly exceed earlier 
measurements, explore QCD in a new kinematic region. 
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J. Beringeri4, K. Bernardet*^, P. Bernat"^^, R. Bernhard"** , C. Bernius^^, T. Berry^^^ a. Bertin^^'^-i^'^, 

F. Bertinelli29, F. Bertoluccii22a,i22b^ y^j Besana*^'''^^^, N. Bessoni^s, s. Bethke^^, W. Bhimji4^ R.M. Bianchi^^, 
M. Bianco^2a,72b^ q_ Bicbcl^s, S.P. Bicnick^^ J. Bicsiada", M. Bigliettii32a,i32b^ jj_ Bilokon'*^, M. Bindi^^^'^^^, 

A. Bingul^s^ C. Bini"2a,i32b^ q Biscarat"^, U. Bitenc''^ K.M. Black2i, R.E. Blair^ J.-B. Blanchardi^^, 

G. Blanchot29, C. Blocker22, J. Blocki^^, A. Blondel^^ W. Blum^i, U. Blumenschein^^, G.J. Bobbinklo^ 
V.B. Bobrovnikovi"^ A. Bocci"", C.R. Boddy"^, M. BoclilGr4i, J. Bocki^", N. Boclaert^s, S. Boscr^^ 

J.A. Bogaerts2'\ A. Bogdancliikovi°^ A. Bogouch^O-*, C. Bohm^'^a^ y Boisvert'^^ T. Bold^'^^.e^ y Boldea25'', 
M. Bona^^ V.G. Bondarenko^s, M. Boonekampi^e, Q. Boorman^^^ q_^_ Boothi^s, p. Boothi^s, S. Bordoni7^ 

C. Borcri*^, A. Borisovi28^ q Borissov'^S I. Borjanovici2a, s. Borroni"2a,i32b^ ^ Bosl°^ D. Boschcrinii^^, 
M. Bosman", H. Boterenbrood^"^ D. Bottcrilli29^ j Bouchami^^, J. Boudreau^23^ g y_ Bouhova-Thacker^^ 
C. Boulahouachei23^ q Bourdarios"^ N. BoussonSa, A. Boveia^", J. Boyd29, I.R. Boyko^s, N.I. Bozhkoi28^ 

1. Bozovic-Jclisavcic^2b_ j Bracinik^^, A. Bracm2^, E. Brambilla''2^^'^2b^ p_ Branchini^"^^'*, G.W. Brandenburg^'^, 
A. Brandt^, G. Brandtl^ O. Brandt^'', U. Bratzler^se, B. Brau*'', J.E. Brau^", H.M. Braun""^ g Brelieri^^, 
J. Bremer29, R. Brenner^^s^ g Bressleri52^ p Breton^i^, N.D. Brett^^^, P.G. Bright-Thomas", D. Britton^^, 

F. M. Brochu27, I. Brock20, R. Brock*^, T.J. Brodbcck^^, E. Brodct^^^^ F. Broggi*'''', C. Brombcrg**^, 

G. Brooijmans'^'*, W.K. Brooks'^^'^, G. Brown^2^ g Brubaker^°, P.A. Bruckman de Renstrom"^* , D. Bruncko^'*^'', 
R. Bruneliere^^, S. Brunet^S A. Bruni^^^, G. Bruni^^a, m. Bruschi^^^, T. Buanes^^, F. Bucci^'', J. Buchanan"^, 
N.J. Buchanan2, P. Buchholz^i, R.M. Buckingham"^, A.G. Bucklcy4^ S.I. Buda25a, LA. Budagov^s, B. Budicki"8, 
V. Biischer^i, L. Bugge"^, D. Buira-Clark"^, E.J. Buis^o^, O. Bulekov^^^ jyj Bunse''2, T. Buran^", H. Burckhart29, 
S. Burdin^^^ rp Burgess^^^ g Burkei29^ g Busato^^, P. Bussey^^^ ^ p BuszelW^^, F. Butin29, B. Butler^^^^ 

J.M. Butler2i, CM. Buttar^^^ j Butterworth", W. Buttinger27, T. Byatt", S. Cabrera Urban^^'^, 

M. Caccia^^'^'SQ'^, D. Caforioi^^'i^*^, O. Cakir^'^, P. Calafiural^ G. Calderini^s, P. Calfayan^s, R. Calkinsi°^ 
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L.P. Caloba^S'^, R. Caloii32a,i32b^ ^ Calvet^^, S. Calvet^^, R. Camacho Toro^s, A. Camard^^ P. Camarrii33a,i33b^ 
M. CambiaghiiiS'*'"''^, D. Cameron^", J. Cammin^o, S. Campana^^, M. Campanelli^^ V. Canale^^^'^'io^b^ 

F. Canelli^o, A. Canepa,^^^", J. CanteroSo, L. Capassoi02a,i02b^ M.D.M. Capeans Garrido^s, I. Caprini^Sa, 

M. Caprini25a^ D. Capriotti^^, M. Capua36a,36b^ Caputo^s^ C. Caramarcu^Sa^ Cardarellii^^a^ T. Garlics, 

G. Garlinoi°2a^ l. Garminati^^'^'^^'', B. Garoni^Sa^ g. Garon^s, G. Garpentieri^* , G.D. GarriUo Montoya^^^ 

A.A. Carter7^ J.R. Garter^^, J. Garvalhoi24a,/^ ^ Gasadeilo^ M.P. Gasado", M. Gascellai22a,i22b^ q C^goSOa.sob,*^ 
A.M. Gastaneda Hernandez"^ E. Gastancda-Mirandai^^ V. Gastillo Gimenezi^^^ N.F. Gastroi24a^ Q. Gataldi^^a^ 
F. Gataneo^s, A. Gatinaccio^^, J.R. Gatmore^S A. Gattai^^, G. Gattanii33a,i33b^ g Caughron^s, D. Gauzi64a,i64c^ 
A. Gavallari"2a,i32b^ Gavalleri^s^ D. Gavalli*9% M. Gavalli-Sforza", V. Gavasinnii22a422b^ Gazzato^2a,72b^ 

F. Gcradinii34a,i34b^ ^ Gcrqueira^^*^, A. Gerri^^ L. Gcrrito^^ F. GcruttF, S.A. Gctini*^'', F. Geveninii°2a,i02b^ 
A. Ghafaqi35a^ Ghakrabortyio^ K. Ghan^, B. GhapleauS^ J.D. Ghapman^^, J.W. Ghapman^^, E. Ghareyre^^, 
D.G. Gharltoni^ V. Ghavda^^^ S. Gheatham^i, S. Ghekanov^, S.V. Ghekulaevi^Sa^ q.A. Ghelkov*5^ H. Ghen^^, 
L. Ghen2, S. Ghen^^^^, T. Chen^^", X. Ghen^^^^ g Gheng^^a, A. Gheplakov^s, V.F. Ghepurnov^s, 

R. Gherkaoui El Moursli^sd, V. Ghernyatin^", E. Gheu^, S.L. Gheungi^s, L. Ghevalieri^e, p. Ghevallieri^e, 

G. Ghiefarii02a,i02b^ l Ghikovani^S J.T. Ghilders^*^, A. Ghilingarov^S G. Ghiodini^^a^ jyj y. Ghizhov*5^ 
G. Ghoudalakis^o, S. Ghouridou^^?^ j ^ Christidi^^ A. Ghristov^s, D. Ghromek-Burckhart^s, M.L. Ghu^^S 
J. Ghudobai25^ q Cjj^pe^^ji32a,i32b^ Giba37, A.K. Giftci^^, R. Giftci3^ D. Ginca^s, V. Gindro^^, 

M.D. Giobotaru^^^^ q Ciocca^^'^'i^'', A. Giocio^^, M. Girilli*^ M. Giubancan^s^ A. Glark^^, P.J. Glark4^ 

W. Glelandi23, J.C. Glcmens83, B. Glcmcntss, G. Glementi46a,i46b^ Gliffti^s, Y. Goadou^s, M. Gobali'^4a,i64c^ 

A. Goccaro^°^'5°'", J. Gochran^^, P. Goe"^ J.G. Gogan^^s, j. Goggeshall^^s^ g_ Gogneras^^^, G.D. Gojocaru^*, 

J. Golas^, A.P. Golijn^os^ G. Gollardll^ N.J. GoUins^^, G. Gollins-Tooth^^ J. Gollot5^ G. Golon^^, 

R. Goluccia72a,72b^ Q Comune^s^ P. Gonde Muinoi24a^ e. Goniavitis"^^ M.G. Gonidi", M. Gonsonniio^, 

S. Gonstantinescu^sa, C. Gonta"9a,ii9b^ p_ Conventii°2a,s^ j_ Cook^s, M. Gookel^ B.D. Gooper^^ 

A.M. Gooper-Sarkar^i^, N.J. Gooper-Smith^^, K. Gopic^^, T. Gornelissen^o^'SOb, M. Gorradi^''*, F. Gorriveau^^''', 

A. Gortes-Gonzalezi65, G. Gortiana9^ G. Gosta*^9% M.J. Gosta^^^ D. Gostanzoi^s, T. Gostin^o, D. Gote^s, 

R. Goura Torres^^'', L. Gourneyea^'^^, G. Gowan'^^, G. Gowden^'^, B.E. Gox^^^ ^ Granmer^"^, M. Gristinziani^o, 

G. Grosetti36a,36b^ ^ (^j.^pj72a,72b^ g Crepe-Renaudin^s, G. Guenca Almenar^^s^ T. Guhadar Donszelmanni^^, 

S. Gunco5"^'50b^ ]y[_ Guratolo^^, G.J. Gurtis", P. Gwctanski^i, H. Gzirri^i, Z. Gzyczula"^ S. D'Auria^^, 

M. D'Onofrio^3^ a. D'Orazio"2a,i32b^ ^ jy^^ Rocha Gesualdi Mello^^a, P.V.M. Da Silva23^, G. Da Via82, 

W. Dabrowski^^, A. DahlhofF'*^ T. Dai^^, G. Dallapiccola^^, S.J. Dallisoni29.*, M. Dam^s, M. DameriSO'^.sob^ 

D.S. Daniianii37^ H.O. Danielsson29, R. Dankers^os^ D. Dannhcim^^, V. Dao^^, G. Darbo^o^, G.L. Darlea25b, 

G. Dau^ll°^ J.P. Dauvcrgnc 29, W. Davey^^ T. Davidcki26, N. Davidson*^ R. Davidson^^, M. Davics^^^ 

A. R. Davison"^^, E. Dawei'*2^ j Dawsoiii39, j.w. Dawson^'*, R.K. Daya^^, K. Dc^, R. dc Asmundisi"2a^ 

S. De Gastroi^^^i^'^, RE. De Gastro Faria Salgado^", S. De Gecco^*, J. dc Graat"*, N. Dc Grootio^, p. de Jong^o^ 
G. De La Taille"^ B. De Lottoi64a464c^ p Mora^\ L. De Nooijio-\ M. Dc Olivcira Branco^^, D. De Pedisi32a, 
P. de Saintignon^s, A. De Salvoi32a^ u. Dc Sanctisi64a,i64c^ ^ p,^ Santoi49, j.B. De Vivie De Regie"^, S. Dean^^, 

D. V. Dcdovich^^, J. Degcnhardti2", M. Dchchar"^, M. Dcilc*^*. G. Del Papai6'^^'i64c^ j_ Peso*°, 

T. Del Prctci22a,i22b^ A_ DcirAcqua20, L. DcirAstaS"''^'^'"', M. Delia Pictrai"2a,9^ d della Volpei02a,i02b^ 
M. Dclmastro29, P. Delpicrrc*^, N. Dclrucllc29, P.A. Dclsart■■^^ G. Dcluca^s, g. Dcmcrsl■^^ M. Demichev6'\ 

B. Demirkoz", J. Dcngi*^-\ S.P. Dcnisovi28, D. Dcrcndarz^s, J.E. Dcrkaouii^^c;^ p. Dcruc^«, P. Dervan'^^^ K. Desch20, 

E. Dcvctak"8, P.O. Dcvivcirosi''^«, A. Dcwhursti29, B. DcWildc^s, g. Dhaliwali^s^ Dhullipudi^^.^ 

A. Di Giaccioi33a,i33b^ L J3J ciaccio^, A. Di Girolamo^^, B. Di Girolanio29, S. Di Luisei34a,i34b^ ^ Mattia^^, 

B. Di Miccoi34a,i34b^ j^^^^. jQi33a433b ^ A_ ginionei33a433b ^ g— Qi9a49b^ Diaz^^^, P. Dibleni^c, 
E.B. Dichl^^ H. DictP, J. Dictrich48, T.A. DietzschSS^, S. Diglio"^ K. Dindar Yagci^^, J. Dingfcldcr2" , 

G. Dionisii32a432b^ p p,ita25a^ g jy[ig25^ ^ p. Dittus^^, F. Djania*^^^ p Djilkibaevlo^ T. Djobava^i, 
M.A.B. do Vale^sa, A. Do Vallc Wemansi24a^ T.K.O. Doan4, M. Dobbs«'\ R. Dobinsoii 29^*, D. Dobos42, 

E. Dobson29, M. Dobson^^s, j. Dodd34, Q.B. Dogan^*^^'*, G. Doglioni"^, T. Dohcrty^^^ y_ Doi*^6,*^ j Dolejsil2^ 
I. Dolcnc^4^ 2. Dolczali26, B.A. Dolgoshcin^^,*^ Dohmacl5^ M. Donadclli23b, M. Doncgai2", J. Donini^^, 

J. Dopke^^'', A. Doriai°2a^ a. Dos Anjos"^^ M. Dosil", A. Dottii22a,i22b^ ^^^^70^ j j) Dowell^^ 

A.D. Doxiadisl°^ A.T. Doyle^^ Z. Drasali^^*^, J. Drees^^^, N. Dressnandt^^o^ jj Drevermann^s, G. Driouichi^s, 

M. Dris^ J.G. Drohan^^, J. Dubbert^^, T. Dubbs^^^, g. Dubci4, E. Duchovnii^i, G. Duckeck^^, A. Dudarcv20, 

F. Dudziak64, M. Diihrssen 29, pp. Duerdoth82, L. Duflot"^ M-A. Dufour^s, M. Dunford^^, H. Duran Yildiz^b, 
R. Duxfieldi39^ ^ Dwuznik^^, F. Dydak ^9, D. Dzahini5^ M. Duren52, W.L. Ebenstein^^, J. Ehke^^, S. Eckert^^ 
S. EckwcilerSi, K. Edmonds®\ G.A. Edwards^'^, I. Efthymiopoulos^^, W. Ehrenfeld^i, T. Ehrich»^ T. Eifert^^, 

G. Eigeni3, K. Einsweiler", E. Eisenhandler^^ T. Ekelofl'^^ M. El Kaciini4, M. EUert^'^'^, S. Elles", F. EUinghaus^i , 
K. Ellis^^ N. Ellis^s, J. Elmsheuser9^ M. Elsing^^, R. Elyi4, D. Emeliyanoyi^s, R. Engelmanni48, A. Engl^^, 
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B. EppS^ A. Eppig^'^, J. Erdmann^"^, A. Ereditato^^ D. Erikssoni-^^^, J. Ernst\ M. Ernst^^, J. Ernwein^e, 

D. Eiiede^^^, S. Errede^^^, E. Ertel*\ M. Escalier"^ C. Escobar^'^^, X. Espinal Curull", B. Esposito''^, 

F. Etienne*^^ ^.1. Etienvre^^e^ e. Etzioni^^^ jy Evangelakou^^, H. Evans^^S L. Fabbrii^'^'is'^, C. Fabre^^, K. Facius^^, 

R.M. Fakhrutdinovi28, S. Falcianoi^sa^ A.C. Falou"^, Y. Fangi72, M. FantiSS^^.s^b^ ^ Farbin^ A. Farillai34a^ 

J. Farley"®, T. Farooque^^*, S.M. Farrington"®, P. Farthouat^^, D. Fasching^'^^^ p_ Fassnacht^^, D. Fassouliotis* , 

B. Fatholahzadehl5^ A. Favareto^^'^'^^'', L. Fayard"^ S. Fazio^^a.seb^ ^ Febbraro^^, P. Federic"^'*, O.L. Fedini^i, 
I. Fedorko^^, W. Fcdorko^®, M. Fchling-Kaschek"**, L. Feligioni^^, D. Fellmann^, C.U. Fclzmann®'', C. Fcng^^d^ 

E. J. Feng30, A.B. Fenyuk^^s, J. Fcrcncci J. Ferland^^^ ^ Fcrnandcsi24aj^ Fernando^^s, S. Ferrag^^^ 

J. Ferrando^i^, V. Ferrara^S A. Ferrari^'^s, P. Ferraril°^ R. Fcrrari"*^^, A. Ferreri^'^, M.L. Ferrer^'^, D. Perrere^^, 

C. Ferretti^'^, A. Ferretto Parodi^O'^'^"'', M. Fiascaris^o, F. Fiedlcr^\ A. Filipcic'^'', A. Filippas^ F. Filthauti""*, 
M. Fincke-Keeleriss, M.C.N. Fiolhaisi24a,/^ l. Fiorini", A. Firan^^, G. Fischer^i, P. Fischer M.J. Fisher^os, 
S.M. Fisheri29, J. Flammer^^, M. Flechl^*, I. Fleck^^i, J. Fleckncr^i, P. Fleischmanni^^^ g Fleischmanni^*, 

T. Flicki^"*, L.R. Flores Castilloi'^^ M.J. Flowerdew^^, F. Fohlisch^^^, M. Fokitis^, T. Fonseca Martini'^, 

D. A. Forbush"8, A. Formica^^e^ Forti*^, D. Fortin^^ga^ j poster^^^ D. Fournier"^, A. Foussat^^, 

A. J. Fowler^^, K. Fowler^^^, H. Fox^^, P. Francavillai22a,i22b^ g Pranchino"^'^ "^b^ q prancis^", T. Pranki^S 
M. Franklin^^, S. Franz^^, M. Fraternali"^^-"^'', S. Fratinai^o^ g.T. Frcnch^^, R. Frocschl^". D. Froidevaux^^, 
J.A. Frost^^, C. Fukunaga^se, E. Fullana Torregrosa^^, J. Fusteri^^, C. Gabaldon^s, O. Gabizon^", T. Gadfort^^, 
S. Gadomski^9, G. Gagliardi^^'^'^o'', P. Gagnon^i, C. Galea^^, E.J. Gallas"^, M.V. Gallas^^, V. Galloi^, 

B. J. Gallopi29, p. Gallusi25, E. Galyaev*", K.K. Gan^"", Y.S. Gao^^.fe^ y.A. Gapicnkoi^s, A. Gaponenko", 

F. Garbersonl^^ M. Garcia-Sciveres", C. Garcfai^^, J.E. Garcia Navarro'^^, R.W. Gardner^", N. Garelli^^, 
H. Garitaonandial°^ V. Garonne^^, J. Garvey^^ C. Gatti'*^ G. Gaudio"^'^, O. Gaumer^^, B. Gaur^^S 

L. Gauthieri36, i.L. Gavrilenko^^, C. Gay^^s, G. Gaycken^", J-C. Gayde^^, E.N. Gazis^ P. Ge^^^, C.N.P. Gee^^g^ 
D.A.A. Geertsl°^ Ch. Geich-Gimbel^o, K. Gcllcrstedt"'^'^'"'^^, C. Gemme^"'^, A. Genimeliss, M.H. Genest^^, 
S. Gentilei32a,i32b^ g^ George^^ P. Gerlach^^^^ a. Gershoni^^^ q GewenigerSS'^, H. Ghazlanei^sd^ p. Ghez"*, 
N. Ghodbanc33, B. Giacobbel9^ S. Giagu"2a,i32b^ y_ Giakoumopoulou^ V. Giangiobbei22a,i22b^ p Gianotti^^, 

B. Gibbard24, A. Gibsoni^s, S.M. Gibson^s, G.F. Gicraltowski^, L.M. Gilbert"^ M. Gilchriesel^ V. Gilewsky^i, 

D. Gillberg28, A.R. Gillmani^s, D.M. Gingrich^''', J. Ginzburgi^s, N. Giokaris^ R. Giordanoi°2a,i02b^ p Giorgil^ 
P. Giovannini^s, P.P. Giraud^^e^ D. Giugni^^^a^ p_ Giugtiisa^ b.K. Gjclstcn"^ L.K. Gladilin^^, C. Glasman^o, 

J. Glatzor^s, A. Glazov^i, K.W. Glitza^", G.L. Glonti^s, J. Godfrcyi^a, j. GodlcwskP, M. Goebel^i, T. Gopfert'*^^ 

C. Goeringcr*^!, C. Gossling^^ T. G5ttfert9^ S. Goldfarb^^ D. Goldin^^, T. Golling"'\ S.N. Golovniai^s, 

A. Goniesi24a,i^ p.S. Gomez Fajardo^i, R. Gongalo^^ L. GoncUa^", A. Gonidcc^^ S. Gonzalez^^^ S. Gonzalez de la 
Hozi67^ M.L. Gonzalez Silva^^, S. Gonzalez-Sevilla^^, J.J. Goodson^^s, L. Goossens^^, P.A. Gorbounov^^, 

H. A. Gordon24, 1. Gorcloyio^^ G. Gorfinei", B. Gorini^s, E. Gorini^2a,72b^ ^ Gorisek^^^ P_ Gornicki^s, 
S.A. Gorokhovi28, V.N. Goryacheyi^s, B. Gosdzik^i, M. Gosscli^klo^ M.I. Gostkinf's, M. Gouancrc", 

I. Gough Eschriclii63^ M. Gouighrii^Sa^ d. Goujdamii^Sa^ m.P. Goulcttc^^, A.G. Goussiou^^s, C. Goy^, 
I. Grabowska-Boldi63.% V. Grabski^^^ P. Grafstram^^, C. Grali^^^^ Grahn^^^^ F. Grancagnolo^^a^ 

S. Grancagnoloi'l V. Grassi^''^ V. Gratcheyi^i, N. Grair^^ H.M. Gray-^''-", J.A. Gray^''^ E. Graziani"4a^ 
O.G. Grebcnyuki2i, D. Grcenficldi^s, T. Grecnshaw^'l Z.D. Grccnwood24^\ I.M. Grcgor4i, P. Grcnicr^^a^ 

E. Gricsmayer46, J. Griffithsi^s, N. Grigalashvili^s , A.A. Grillo"^^ S. Grinstein", P.L.Y. Gris^^, Y.V. Grishkevich^^, 
J.-F. Grivaz"-\ J. Grognuz^^, M. Groh^^, E. Grossi^\ J. Grossc-Kncttcr54, j_ Groth-Jcnsen^^^ j^/j d-uwc^s, 

K. Grybcli4i, V.J. Guarino-\ D. Gucsti^^^ C. Guichcney^s, A. Guida^2a,72b^ rj. Q^^^n^^^^^i^ s_ Guindon54^ 

H. Guler^s.", J. Gunthcri^s, B. Guo^^s, J. Guo34, A. Gupta^o, Y. Gusakov^s, V.N. Gushchini^s, A. Gutierrezes, 

P. Gutierrez"!, N. Guttmani^^^ q_ GutzwiUcri^^ C. Guyoti^e^ C. Gwenlan"^^ c.B. GwiUiam^^^ Haasi43, 

S. Haas^s, C. Haberi^, R. Hackcnburg24, H.K. Hadavand^s, D.R. Hadley^^ P. Hacfncr^^, F. Hahn^^, S. Haidcr^^, 

Z. Hajduk^s, H. Hakobyani^^ J. Hallcr-'^4^ Haniacher"4^ p Hamal"^^ A. Hamilton's, g_ Hamilton^^i^ jj_ Han32a, 

L. Han32b, K. Hanagaki"^ M. Hancci^o, C. Handcl^i, P. Hanke^^^, C.J. Hanscni^e^ J.R. Hansen^s, J.B. Hansen^s, 

J.D. Hanscn3-\ P.H. Hanscn3^ P. Hanssoni's^ K. Hara^^", G.A. Harci^^^ T. Haronbergi^'^ p, Harper*^^ 

R.D. Harrington^i, O.M. Harris^^*, K. Harrison!"^, J. Hartert''*, F. Hartjcsi"'\ T. Haruyama*^'^, A. Harvey^'^, 

S. Hasegawai°i, Y. Hasegawa"°, S. Hassanii^e, M. Hatches, D. Hauff^, S. Haug^^, M. Hauschild^s, R. Hauser^s, 

M. Havranek^o, B.M. Hawes"^, CM. Hawkesi'', R.J. Hawkings^^, D. Hawkinsi^^s^ T. Hayakawa'^'', D Hayden^^ 

H.S. Hayward^s^ gj_ Haywoodi^f. E. Hazen^i, M. He^^d, S.J. Head^^, V. Hedberg^^, L. Hcclan^s, S. Hcim^«, 

B. Heinemann", S. Heisterkamp^s , L. Helary', M. Heldmann's, M. Heller"^, S. Hellman"6a,i46b^ q Helsens", 
R.C.W. Henderson'"!, M. Henke^^'^, A. Henrichs^', A.M. Henriques Correia^^ S. Henrot-Versille"^ 

F. Henry- Couannicr^'"', C. Hcnsel^', T. HenB^^', Y. Hernandez Jimenez!*'^, R. Herrberg^''', A.D. Hershenhorn!^^, 

G. Herten's, R. Hertenberger^^, L. Hervas^^, N.P. Hesseyi°5, A. Hidvegi^'^sa^ e. Hig6n-Rodriguezi67, D. HiU^-*, 
J.C. Hilp7, N. Hill^ K.H. Hiller^\ S. Hillert^o, S.J. Hillieri^ I. Hinchliffe", E. Hines^^o^ jyj Hirose"^, F. Hirsch^^^ 
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D. Hirschbuehli^"^ j Hobbs^^s, N. Rod^'^^, M.C. Hodgkinsoni39, R Hodgson"9, A. Hoccker^^, M.R. Hoeferkampio^, 

J. Hoffman^^, D. Hoffmann^^^ M. Hohlfcld*^\ M. Holder^'^i, A. Holmes"^ S.O. Holmgreni^^a^ rp Hoiyi27^ 

J.L. Holzbauer^s, Y. Homma^'', L. Hooft van Huysduynenio^, T. Horazdovskyi^^, C. Horni^s, S. Horner^^^ 

K. Horton"^ J-Y. HostachySS, T. Hott^^ S. Houi^i, M.A. Houldcn^a, A. Hoummadai^Sa^ j. Howarth82, 

D.F. Howell"^ I. Hristova J. Hrivnac"^ I. Hruska^^s, T. Hryn'ova", P.J. Hsu"^, S.-C. Hsu^^, G.S. Huang^", 

Z. Hubaceki27, p. Hubaut^^, F. Huegging^o, T.B. Huffman"^, E.W. Hughes^^, G. Hughes^S R.E. Hughes-Jones^^^ 

M. Huhtincn^s, P. Hurst^"^, M. Hurwitz^'', U. Husemann^i, N. Huseynov^^.o^ j Huston^^, J. Huth'^'^, 

G. lacobucci^"^'', G. lakovidis^, M. Ibbotson*^, I. Ibragimov^''^ , R. Ichimiya^^, L. Iconomidou-Fayard^^^, 

J. Idarraga"^ M. Idzik^^, P. lengo^, O. Igonkinal°^ Y. Ikegami^^^ jyj ikgno^'^, Y. Ilchenko^^, D. Iliadis^^^, 

D. I^lbault^^ M. Imhaeuseri^"^ ]y[_ jj^ori^^^, T. Incc^", J. Inigo-Golfin^s, P. Ioannou^ M. Iodicei34a^ q Ionescu^ 
A. Irles Quiles^'^^, K. Ishii^e, A. Ishikawa'^'^, M. Ishino'^e, R. Ishmukhametov^^, T. Isobel5^ C. Issever"^, S. Istini^'*, 
Y. Itohioi, A.V. Ivashini28, w. Iwanski^s, H. Iwasaki^^ J.M. Izen"", V. Izzo^^^a^ g Jackson^^o, J.N. Jackson^^^ 

P. Jacksoni43^ M.R. Jaekel^^ V. Jain^i, K. Jakobs^s, S. Jakobsen^s, J. Jakubek^^^^ D.K. Jana^", E. Jankowski^^s, 

E. Jansen^^, A. Jantsch^^, M. Janus^o, G. Jarlskog^^, L. Jeanty^^, K. Jelen^"^, I. Jen-La Plantc^", P. Jenni^^, 
A. Jeremie^, P. Jez^^, S. Jezequel^, H. Ji^^^ W. Ji«\ J. 3ia^^^, Y. Jiang32b, M. Jimenez Bclcnguer^S G. Jin^^b, 
S. Jin32a, O. Jinnouchii57^ M.D. Jocrgcnscn^s, D. Joffc^^, L.G. Johansen^s, M. Johanseni^Sa.web^ 

K.E. Johansson^^a^ Johanssoni^f, S. Johncrt^i, K.A. Johns^, K. Jon-Andi'"^'^'"^'", G. Jones^^ R.W.L. Jones^S 
T.W. Joncs^^ T.J. Jones^^ O. Jonsson^^, C. Joram^^, P.M. Jorgei24a,6^ j joseph^^, X. Ju^^o^ y_ Juranek^^s, 
P. Jussel62, V.V. Kabachenkoi28, S. Kabana^^ M. Kaci^^^^ A. Kaczmarska^^, P. Kadlecik^s, M. Kado"^ 

H. Kaganios, M. Kagan", S. Kaiser^^, E. Kajomovitzi52, S. Kalinini^^^ ^.V. Kalinovskaya'^^ S. Kama^^, 

N. Kanayal^^ M. Kanodal5^ T. Kanno^^^, V.A. Kantserov^*^, J. Kanzaki^*^, B. Kaplanl^^ A. Kapliy^°, J. Kaplon^^, 

D. Kar43, M. Karagoz"^ M. Karnevskiy^i, K. Karr^, V. Kartvelishvili^i, A.N. Karyukhini^s, L. Kashif^^^^ 

A. Kasmi39, R.D. Kass^^^, A. Kastanas^^^ Kataoka'^, Y. Kataokal^^ E. Katsoufis^ J. Katzy'^i, V. Kaushik^ 
K. Kawagoe*^^, T. Kawamotol5^ G. Kawamura«\ M.S. Kajl^^^, V.A. Kazaninio^ M.Y. Kazarinov6^ S.I. Kazi^^^ 
J.R. Keates82, R. Keeleri^s, R. Kehoc3^ M. Kcil^^^ G.D. Kekelidze^s, M. Kelly^^^ j Kennedy^^, M. Kenyon^^^ 
O. Kepkai25^ Kerschen29, B.P. Kerscvan^^^ g_ Kersten""^ ^ Kessoku^^^, C. Ketterer^s, M. Khakzad^^, 

F. Khalil-zadaio, H. Khandanyani^s, A. Khanov^i^^ p, Kharchenko*^^ A. Khodinoyi^s, A.G. Kholodenkoi^s, 
A. Khomich^sa, T.J. Khoo^^, G. Khoriauli^o, N. Khovanskiy^^^ y Khovanskiy^^ E. Khramov^^^ J. Khubua-"^!, 

G. KilvingW^^ jj_ j^jj^y^ jyf g^ ^.^^2^ p Q Kim^^^, S.H. Kim.^^°, N. Kiniura"°, O. Kindl^ B.T. King^^^ M. King^^, 
R.S.B. King"8, J. Kirki29, G.P. Kirsch"^, L.E. Kirsch22, A.E. Kiryunin^^, D. Kisielewska^^ T. Kittelmanni23, 
A.M. Kiveri28, H. Kiyamura'^^ E. Kladiva"*^^ j. Klaiber-Lodewigs42, M. Klein^^^ U. Klein^^^ K. Kleinknecht^i, 

M. Klemctti^s, A. Klieri^i, A. Klimentov24, R. Klingenberg42, E.B. Klinkby^^, T. Klioutchnikova29, P.P. Klok^o^^ 
S. Klousl"^ E.-E. Klugc-'^^^, T. Kluge^^^ P. Kluitio-\ S. Kluth^^, E. Knoringcr'^2^ j Knobloch2^ E.B.F.G. Knoops^^, 
A. Knue^"*, B.R. Ko^^, T. Kobayashii^^^ M. Kobel'^^^ g Koblitz29, M. Kociani^s^ A. Kocnari^^^ P. Kodysi26, 
K. K6neke29, A.C. Konigi""^ s. Koenig^i, S. Konig^s, L. K6pke^\ F. KoetsveldiO"*^ p. Koevesarki20, T. Koffas29, 

E. Koffemani"^^ F. Kohn^^, Z. Kohouti27^ T. Kohriki^e, T. Koi^^^, T. Kokott2", G.M. Kolachoyio^, H. Kolanoskil^ 
V. Kolcsnikov^'-l I. Kolctsou*^'\ J. Koll^«, D. Kollar^^, M. Kollofrath'^8^ g J3 Kolya*^^ Komar'''', 

J.R. Komaragiri"2^ p Kondo^'*', T. Kono^i-P, A.I. Kononov'^^, R. Konoplich"'«'«, N. Konstantinidis^^ A. Kootz^'^'^, 
S. Kopcrny37, S.V. Kopikov^^s^ K. KorcyF, K. Kordasi^^^ y Korcshcvi28, A. Korn^^, A. Koroli"^ I. Korolkov", 

E. V. Korolkoval'^^ V.A. Korotkov^^s, 0. Kortncr'^^. S. Kortncr'^^, V.V. Kostyukhin2", M.J. Kotamfiki^o, S. Kotov9^ 
V.M. Kotov^^ C. Kourkoumclis^, V. Kouskoura^-'^^^ ^ Koutsman"'-\ R. Kowalcwskii*^^, T.Z. Kowalski'*^ 

W. Kozanecki^36^ ^ g_ Kozhin^28^ y_ Krali27^ yjs^^_ Kramarenko^^, G. Krambergcr^'', O. Krasel''2, M.W. Krasny'^^, 

A. Krasznahorkay^°*^, J. Kraus^*, A. Kroiscl^''''', F. Krcjci^27^ j_ Kretzschmar'''^, N. Kriogcr^^, P. Krieger-^^^, 

K. Kroeninger^'', H. Krolia^"^ j_ Kroll^20^ j_ Kroscbcrg2", J. Krstici2a^ y Krucllonak*^^ H. Kriigcr20, 

Z.V. Krumshteyn^s, A. Kruth20, T. Kubotal5^ S. Kuchn^^, A. Kugel^^^ T. Kuhli^^^ y) Kuhn62, V. Kukhtin^^, 

Y. Kulchitsky^o, S. Kuleshov^i'^, C. Kummer^^, M. Kuna^^^ N. Kundu"^, J. Kunklei20, A. Kupcoi25, 

H. Kurashigc^^, M. Kurata^^o, Y.A. Kurochkin^o, V. Kus^^"\ W. Kuykendall^^s, M. Kuze^", P. Kuzhir^i, 
O. Kvasnickai25, R. Kwee^s, A. La Rosa29, L. La Rotonda36=^.36b^ p. Labarga*°, J. Labbe"*, C. Lacasta"'^^ 

F. Lacavai32a,i32b^ jj Lacker^s, D. Lacour^^, V.R. Lacuesta^f^^ E. Ladygin^s, R. Lafaye^ B. Laforge^^, 

T. Lagouri^o, S. Lai*^, E. Laisne5^ M. Lamanna29, C.L. Lampen^, W. Lampl^, E. Lancon^^e, u. Landgraf^, 

M.P.J. Landon^^ H. Landsmani52^ j.p. Lane82^ q Langc^i, A.J. Lankfordi63^ p. Lanni24, K. Lantzsch29, 

V.V. Lapini28,*, s. Laplace^^^ C. Lapoire20, J.F. Laporte^^e^ t. Lari^s^, A.V. Larionov ^28, A. Larneri^^, 

C. Lasseur29, M. Lassnig29, W. Lau"®, P. Laurelli^'', A. Lavorato"^, W. Lavrijsen", P. Laycock'^^, A.B. Lazarev'^^ 

A. Lazzaro^9^'*^9b^ q. Le Dortz^^ E. Lc Guirriec*^^^ C. Lc Mancrl5^ E. Lc Mcncdcui'^^ M. Leahu29, A. Lobcdev^^, 

G. Lebel93^ T. LeCompte^, P. Lcdroit-Guillon^s^ H. Lee^os, J.S.H. Lee^^o, S.G. hee^^^, L. Lee^^^^ M. Lefebvre^^^ 
M. Legendre^36^ ^ Leger^^, B.C. LeGeyti20, p. Legger^^, C. Leggett^"^, M. Lehmacher20, G. Lehmann Miotto29, 
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X. Lci^, M.A.L. Leite23b, R. Lcitncri^e^ D. Lellouchi^i, J. Lellouch^^^ M. Leltchouk^*, V. LendermannSS^, 

K.J.C. Lency"^*", T. Lenz^^'', G. Lcnzcni^"^, B. Lenzi^^e, K. Leonhardt''^ S. Leontsinis^ C. Leroy^^ 

J-R. Lessard^^*', J. Lesser^*^*^, C.G. Lcster^'^, A. Leung Fook Cheong^'^^, J. Leveque^^, D. Levin^'', L.J. Levinson^'^^, 

M.S. Lcvitskii28^ M. Lewandowska^i, G.H. Lewis^o^^ M. Lcytoni^, B. Li^^, H. Li^^z^ S. Li^^b^ x. Li^^, Z. Liang^s, 

Z. Liang"^'^ B. Liberti"3a^ p. Lichard^^, M. Lichtnecker9^ K. Liels^ W. Liebig^^, R. Ufshitz^^^, J.N. LiUeyi^, 

A. Limosanise, M. Limper^a, S.C. Lini^i.^, F. Lindel°^ J.T. Linnemann^s^ Lipeles^^o, L. Lipinsky^^s, 

A. Lipniackai3, T.M. Liss^^s, A. Lister^^, A.M. Utkc^^\ C. Liu^s, D. Liui^i'*, H. Liu^^ J.B. Liu^^ M. Lhr'^^b, 

S. Liu2, Y. Liu32b, M. Livan"9'^'"9'', S.S.A. Livermore"*^, A. Lleres5^ S.L. Lloyd^^ E. Lobodzinska^'i , R Loch^, 

W.S. Lockmaiii37, s. Lockwitzi^^^ T. Loddenkoetter^o, F.K. Loebinger^^^ a. Loginov^^^ C.W. Loh^^s^ rp Lohse^^, 

K. Lohwasser'*^ M. Lokajicek^^s, J. Loken "^ V.P. Lo^lbardo«9^ R.E. Long^\ L. Lopcsl24a'^ 

D. Lopez Mateos^^.™, M. Losadai62, p. Loscutoffi^, F. Lo Sterzo"2a,i32b^ j Losty^^^^, X. Lou^^, A. Lounis"^, 

K.F. Loureiroi62, j. Love^i, P.A. Love^S A.J. Lowe"^, F. Lu^^^a^ j l^2^ l Lu^^, H.J. Lubattil=^^ C. Lucii=^2a,i32b^ 

A. Lucotte^s, A. Ludwig^a, D. Ludwig^i, L Ludwig^s, J. Ludwig^s, F. Luehring^i, G. Luijckxio^^ D. Lumb*^ 

L. Luniinarii32a^ g. Lund"^ B. Lund-Jensen^''^ B. Lundbcrg^^ J. Lundberg"6a,i46b^ j_ Lundquist^^, 

M. Lungwitz^i, A. Lupii22a,i22b^ q Lutz^^, D. Lynn24, J. Lys", E. Lytken^^, H. Ma^*, L.L. Ma^^^^ 

J.A. Macana Goia^^, G. Maccarrone'''^, A. Macchiolo^^, B. Macek^'', J. Machado Migucns^^''^, D. Macina''^, 

R. Mackeprang35, R.J. Madaras^^, W.F. Mader-*^, R. Maenner^^^ T. Maeno^*, P. Mattig^'^", S. Mattig''\ 

RJ. Magalhaes Martinsi24aJ\ l. Magnoni^s, E. Magradze^\ C.A. Magrath^o^, Y. Mahalalel^^^^, K. Mahboubi4^ 

G. Mahout^'', C. Maianii'32a,i32b^ q Maidantchik23a^ A. Maioi24a,!^ s. Majewski^^, Y. Makida^e, N. Makovec"^, 
P. Mal^, Pa. Malecki^s, P. Malecki^s, V.P. Malccvi2i, F. Malek^^, U. Mallik^s, D. Malon^, S. Maltezos^, 

V. Malyshev^o^ S. Malyukov*^^ R. Mameghani9^ J. Mamuzic^^'', A. Manabe6^ L. Mandelli^^'^, L Mandic^*, 
R. Mandrysch^^, J. Maneirai24a^ p g_ Mangeard**®, ID. Manjavidze'^^, A. Mann^"*, P.M. Manning"'^, 

A. Manousakis-Katsikakis*, B. Mansoulie^^'^, A. Manz'^^, A. Mapelli^^, L. Mapelli^^, L. March J.F. Marchand^^, 
F. Marchese^^^'*'^^^'', M. Marchcsotti^^, G. Marchiori'^^, M. Marcisovsky^^s^ ^ Marin^i-*, CP. Marino*^\ 

F. Marroquim23a, R. Marshall*^, Z. Marshall^^'™, F.K. Martensi^^ S. Alarti-Garciais^^ A.J. Martin^'^s^ B. Martin29, 

B. Martin^^, F.F. Martini20, J.p. Martin^^^ pjj_ Martin^^, T.A. Martin^^, B. Martin dit Latour''^, M. Martinez", 
V. Martinez Outschoorn^'^, A.G. Martyniuk^2^ ^ Marx®^, F. Marzano^^^*, A. Marzin"i, L. Masetti^\ 

T. Mashimol5^ R. Mashinistov^^, J. MasikS2, A.L. Maslcnnikoyio^ M. Mafi42, L Massa^^^'is^, G. MassarolO^ 
N. Massol", A. Mastroberardino^^^'^'^'", T. Masubuchil5•^ M. Mathcs20, P. Matricon"^, H. Matsumoto^^^, 

H. Matsunaga^^^, T. Matsushita^'^, C. Mattravers"®'", J.M. Maugain29, S.J. Maxfield'^^, E.N. May^, A. Mayne^^^, 
R. Mazinii-"^!, M. Mazur20, M. Mazzanti^^^, E. Mazzonii22a,i22b^ g p_ Kcc^\ A. McCarni^s^ R.L. McCarthyi^^, 
T.G. McCartliy28, N.A. McCubbini29, K.W. McFarlane^e, J.A. Mcfaydeni^a, H. McGlonc", G. Mchcdlidze'^i, 
R.A. McLaren29, T. Mclaughlani^ S.J. McMahoni29, R.A. McPhersoni69.'«, A. Moadc**, J. Mechnichlo^ 

M. Mcchtcli'^4, M. Medinnis"*!, R. Meera-Lebbai"\ T. Meguro"^, R. Mehdiyev^^ S. Mchlhasc^i, A. Mchta'^^^ 
K. Meier^**", J. Meinhardt**, B. Meirose'^^, C. Mclachrinos^o, B.R. Mellado Garciai^2^ l Mcndoza Navasi*52^ 
Z. Mengisi'*, A. Mengarellii^'^'i^'^, S. Mcnkc'^^, C. Menot29, E. Mconi", P. Merniod"^^ L. Merolai02a,i02b^ 

C. Mcroni*^''^, F.S. Mcrritf''", A. Mcssina^^, J. Mctcalfci"'\ A.S. Mctc*^'*, S. Mcuscr^", C. Mcycr^\ J-P. Mcycr^e, 
J. Mcycri^'\ J. Meyer'", T.G. Mcycr29, W.T. Meycr^'", J. Miao-*2d^ g_ MichaP'', L. Micu2-^'^ R.P. Middlctoni29, 

P. Miclc29, S. Migas^3^ L. Mijovic^S G. Mikcnbcrgi^i, M. Mikcstikovai25, B. Mikulcc^^, M. Mikuz^"^ j^ y^. Miller^^^, 
R.J. Millcr^^ W.J. Millsi*^'^ C. Mills'", A. Milovi^\ D.A. Milstcadi4Ba.i46b^ Milstcini^i. A.A. Minaenko^^s, 
M. Mifianoi*5^ LA. Minashvili*^^ A.L Minccr"'«, B. Mindur^^ M. Mincev'^^ Y. Ming^^o, L.M. Mir", 

G. Mirabellii32a^ l Miralles Verge", A. Misiejuk^^^ J. Mitrevski"^, Q.Y. Mitrofanovi28, v.A. Mitsoui*^'^ 

S. Mitsui^e^ P.S. Miyagawa**2^ Miyazaki^^ J.U. Mjornmark^^, T. Moai46a,i46b^ Mocketti^s, S. Moed", 

V. Moeller27, K. Monig^i, N. M6ser20, S. Mohapatral"^ B. Mohni^, W. Mohr*^, S. Mohrdieck-Mock^^, 

A.M. Moisseevi28.*, R. Moles- Valls^^^ J. Molina-Perez29, L. Moneta'*'', J. Monk^^ E. Monnier*^^^ 

S. Montesano^s^^*''^, F. Monticelli™, S. Monzanii^^^i"^, R.W. Moore2, G.F. Moorhead^^, C. Mora Herrera"^, 

A. Moraes^^^ A. Morais^^^a-'^^ Morange^^e, j. Morel^*, G. Morello^e^^seb^ Moreno«\ M. Moreno Llaceri^'^, 

P. Morettini^o^, M. Morii", J. Morin'^^ Y. Morita^^, A.K. Morley29, G. Mornacchi29, M-C. Morone''^ 

S.V. Morozov^e^ J.D. Morris^^ E.G. Moser^^, M. Mosidze^i, J. Mossl°^ R. Mount"^, E. Mountricha^ 

S.V. Mouraviev9^ E.J.W. Moyse^^, M. Mudrinic^^b^ p_ MuellerSS'^, J. Mueller^^s, K. Mueller^o, T.A. Miiller9^ 

D. Muenstermann''2, A. Muijs^o^, A. Muiri*^*^, Y. Munwes^^^, K. Murakami^^^ j Murrayi29, I. Mussclie^^^, 

E. Mustoio2a,io2b^ ^.G. Myagkov^^s, M. Myska^^s, j. Nadal", K. Nagai^eo, K. Nagano^e, Y. Nagasaka^o, 
A.M. Nairz^s, Y. Nakahama"^ K. Nakamural5^ L Nakano"°, G. Nanava^o, A. Napier^**!, M. Nash''^'", 
N.R. Nation2i, T. Natterniann20, T. Nauniann''\ G. Navarroi*52^ ^ Neal*^'^, E. Nebot^^, P.Yu. Nechaeva^*, 
A. Negriiis^^ii^i', G. Negri29, S. Nektarijevic''^ A. Nelson^", S. Nelson"3, t.K. Nelson^^^ S. Nemeceki^s, 

P. Nemethyi"^, A.A. Nepomuceno^^'^, M. Nessi^^, S.Y. Nesterov^^S M.S. Neubauer^^^, A. Neusiedl^\ 
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R.M. Ncves^os, P. Nevski^^, P.R. Ncwman^'^, R.B. Nickcrson"**, R. Nicolaidou"'', L. Nicolas^^^, B. Nicqucvcrt^^, 

F. Niedercorn"^ J. Nielsen"^, T. Niinikoski^^, A. Nikiforov^^ V. Nikolacnkoi^s, K. Nikolaev^^ I. Nikolic- Audit 

K. Nikolopoulos^*, H. Nilsen^^, R Nilsson'^, Y. Ninomiya A. Nisati^^^'^ T. Nishiyama^^, R. Nisius^^, 

L. NodulmanS, M. Noniachi"^^ i. Nomidisi^"^ jj. Nomotoi^s^ M. Nordbcrg^s, B. Nordkvisti46a,i46b^ p Nortoni^s, 

J. Novakova^^'^, M. Nozaki'^^, M. Nozicka''\ I.M. Nugent^^^'', A.-E. Nuncio-Quiroz^o, G. Nunes Hanninger^o, 

T. Nunnemann^s, E. Nurse^^ T. Nyman^s, B.J. 0'Brien4^ S.W. O'Neale^^'*, D.C. O'Neil^^^^ V. O'Shea^^, 

F. G. Oakham^S''', H. Oberlack^^, J. Ocariz^^, A. Ochi^^, S. Oda^^^^ S. Odaka^e, J. Odicr^^ H. Ogrcn^i, A. Oh^^ 
S.H. Oh44, C.C. Ohm"6a,i46b^ rj. Ohshimai°i, H. Ohshita^^'o, T.K. Ohska^e, T. Ohsugi^^, S. Okada"^, H. Okawai^s, 
Y. Okumura"!, T. Okuyamal5^ M. Olcese^O'', A.G. Olchevski^^^, M. Oliveira^^^^'-^, D. Oliveira Damazio^^, 

E. Oliver Garcia^^^, D. Olivitoi^o, A. Olszewski^^, J. Olszowska^^, C. Omachi*^^ A. Onofrei24a,i,^ p ^ g Onyisi^o, 
C.J. Orami59a^ q. Ordonez^o^^ j^ j Qreglia^o, F. Orellana''^, Y. Oreni^s, D. Orestanoi34a,i34b^ Orlovi°^, 

C. Oropeza Barrera^^, R.S. Orrl5^ E.G. Ortega^^o^ g Osculati^o^'^o'', R. Ospanov^^o q Qsuna}'^, 

G. Otero y Garzon^^, J.P Ottersbachio^^ M. Ouchrifi^s^, F. Ould-Saadai", A. Ouraoui'''^ Q. Ouyang^^^, 
M. Owen82, Qweni^s, A. Oyarzun^ii^, O.K. Oye^^, V.E. Ozcan^Sa^ n. Ozturk^, A. Pacheco Pages^i, 

C. Padilla Aranda", E. Paganis^^g^ p Paige^^, K. Pajcheli", S. Palestini^s, D. Fallings, A. Palmai24a,6^ 
J.D. Palmeri'^, Y.B. Pan"^ E. PanagiotopouW, B. Panes^i^, N. Panikashvili^'^, S. Panitkin^", D. Pantea^^^^, 
M. Panuskovai25, V. Paolonci^s^ A. Paolonii33a,i33b^ a. Papadelis"^^, Th.D. PapadopouW, A. Paramonov^, 
W. Park^"^"", M.A. Parker^^, p. Parodi^^^'^o^, J.A. Parsons^*, U. Parzefall^s, E. Pasqualucci^^^a^ ^ Passcrii''4a, 

F. Pastorei34a,i34b^ pj._ Pastorc^^, G. Pasztor "9.^, S. Pataraia^^^ N. Patcli^o, J.R. Pater82, g pj^^j.ipgiijio2aao2b^ 
T. Pauly29, M. Pecsy"'''^, M.I. Pedraza Morales^^^^ S.V. Peleganchuk^o^ H. Peng^'^^ R. Pengo^^, A. Penson^", 

J. Penwell^S M. Perantoni^^'', K. Percz'^'''™, T. Perez Cavalcanti^'S E. Perez Codina^S M.T. Perez Garcia-Estan^^'^, 
V. Perez Reale^^, I. Peric^o, L. Perini^^'^'S^'', H. Pernegger^s, R. Perrino'^^a^ p Perrodo'', S. Persembe^^, 
V.D. Peshekhonov^s, O. Petcrs^o^, B.A. Petersen^^, J. Petersen^^, T.C. Petersen^^, E. Petit^^^ A. Pctridisi^"^ 

C. Petridoui54^ p Petroloi32a^ p pg^j.ypj.ii34a,i34b^ p) Petschull^S M. Pettenii'^^^ R. Pezoa^i^, A. Phan^^ 

A. W. Phillips^^, P.W. Phillipsi29, G. Piacquadio29, E. Piccaro^^ M. Piccininii^'^'is'', A. Pickford^s, S.M. Piec'^i, 
R. Piegaia^e, J.E. Pilcher^", A.D. Pilkington^^ , J. Pinai24a,i^ m. Pinamontii'^'''''i'5^=, A. Finder"*, J.L. Pinfold^, 
J. Ping32c, B. Pintoi24a,'', o. Pirotte29, C. PizioSS'^'SSb^ r. Placakyte"*!, M. Plamondonl•^^ W.G. Plano^^ 
M.-A. Pleier24, A.V. Pleskachi^s, A. Poblaguev^*, S. Poddar^s^ F. Podlyski^s, L. Poggioli"^ T. Poghosyan^o, 
M. Pohl^s, F. Polci5^ G. Polesello"^^, A. Policicchio^^s^ ^ Polinii^'^, J. PolF^ V. Polychronakos^", 

D. M. Poniarede^^^, D. Pomeroy^^, K. Pommes^^, L. Pontecorvo^^^'^, B.G. Pope**, G.A. Popeneciu^^*, 

D.S. Popovici2a^ A. Poppleton29, X. Portell Bueso"*, R. Porteri^s, C. Posch^i, G.E. Pospelov^^, S. Pospisil^^^, 
I.N. Potrap^^ C.J. Potter^^a, C.T. Potter*^ G. Poulard^^, J. Poveda^^^ R. Prabhu^^ P. Pralavorio*^, S. Prasad^^, 
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